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REACTION OF POLYFLUORINATED B~KETOACID ESTERS AND THEIR «-HALO
DERLVATIVES WITH PHOSPHORUS PENTACHLORIDE

M. B. Bobrov, V. I. Saloutin, UDC 542.944:547.4847161
M. I. Rudaya, and K. I. Pashkevich

Acetoacetic esters react with PCls in benzene via the carbonyl as well as the ester
group (6 h at 0°C and subsequent treatment with water) to give B-chlorocrotonic acid [1, 2].
When the reaction time is decreased to 2 h and the reaction is carried out in CHCls, a
mixture (1:1) of ethyl-B-chlorocrotonate and ethyldichlorobutanocate is also isclated [3].

In this reaction methyl-a-chloroacetoacetate in CHCls, after treatment with methanol, affords

the a,B-dichlorocrotonic ester [4].
However, no information is available about the reaction of PCls with B~ketoesters.

In the present work we studied the reaction of fluoroalkyl- (I), a-chloro- (II), and
a,a~dibromo-B~ketoesters (III) with PCls in Ce¢He, CHCls, CCl., and POCls.

It was shown that compounds (I) and (II), when boiled for 6-12 h with PCls in CeHs,
CHCls, and CCl,, react via carbonyl group RpCO to form fluorine-containing B-chloro- and
a,B~dichlorocrotonic esters (IV) and (V), respectively (as an isomeric mixture; see Table
1). 1Increasing the reaction time and using excess PCls have no effect on the product com-
position.

PCl;, GCI
R ,CC1=CCICO,Me <— - h‘
— PCls, CCI 6—§
(V) 40—70% A 10-12h
X =0l X=H
RpCCHXCOMe
i I
0 9 .
i) 3PCL, POCl,; A 1) 3PClI;, POCL, A
(V) -+ (VIIIa, b) Sho (1), (i) P ——

20—309% 10—209
— RpCCl=CHCO.Me
(IV) 25609
— (IV) + RCCl=CHCO,H - R ,CCl=CCICO,H
20309  (VII) 20—309 (VIIIa, b)

Ry = HCF, (2), CF3 (b), CyFy (), H(CF2) (d).
Using compound (VI), we showed that B-chlorocrotonic esters (IV) of the same isomeric

composition are obtained in satisfactory yield when PCl; reacts with fluorine-containing
B~ketoester copper chelates:
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TABLE 2. IR and PMR Spectral Data for Rp—CCl=CX~CO.H {(VIIL),

(VIII)
IR specttum v, cm™—> PMR spectrum 6, ppm (T, Hz)
0
Compound Y
P c=0 OH br. —CH= - H(CEo)y,
oH
(V1ia) 1708 2390 6,48 11,24 27t (54,0)
1712 3050 6,62 A1t (54,7)
(VIIb) . 1725 2930 6.79 9,39
1720 3080 5,98
(V1ic) 1730 3050 6.62 9,58
1728 2920 6,02
(VIIg) 1725 3050 6,78 9,711 6,05 tr.t (52,8; 4,2)
1723 2930 6,06
(VIila) 1750 3000 98 7,42 t (54,0)
(VIIIb) 1750 3000 9.4
1740
HCF, OMe
\wff\w// PCl;, CCl
U — > (IVa)
o 0 A

- 509
Cuf2 (V1)

The ester groups of polyfluorinated B-ketoesters (I) and (II) react only under more drastic
conditions: boiling for 36-60 h with a threefold excess of PCls in POCls.

In this case, in addition to B-chlorocrotonic esters (IV) and (V), the corresponding
acid chloranhydrides are also formed; these afford acids (VII) and (VIII) after treatment
with water. The fraction of B-fluorcalkyl a,B~unsaturated B-chlorocarbonic acids (VII) in
the product mixture decreases with an Increase in the chain length of the fluorocalkyl sub-
stituent. Introduction of a chlorine atom in the a-—position of the B-ketoester further
impedes the reaction of the ester group; at Ry = C.¥Fs (IIa), the reaction does not proceed
at all under the given conditions.

When the reaction time of compounds (Ia, b) with PCls in POCls; is increased to 3-4
days, a side-reaction channel is opened up, and, along with compounds (IV) and (VII), pro-
ducts of chlorination in the a-position are formed: fluoroalkyl o,B-unsaturated o,B~di-
chloroearbonic acids (VIIT) (identified by NMR and GLC with the aid of known samples;
Table 2).

a,a-Dibromoacetoacetic ester does not react with PCls in CCl, at 100°C; at higher
temperatures it forms a resin, as it does in the absence of PCls. TFluorine-containing a,a-
dibromo-B-ketoacid esters (IIIb, c¢) react with PCls only under drastic conditions (auto-
clave, 3 days, 200°C), forming a complex product mixture (that is difficult to identify)
with a prevalence (v50%) of dibromomethyl fluoroalkyl ketones (IXb, c) (identified by GLC
and IR and PMR spectra with the aid of known samples).

1) CCly, 200°, p, 3 days

Ry—C—CBry,—C— R,—C—CHB
Ry ” ra H OMe -}~ 3PCl, 2 5.0 7 Ei Ty
O
(HIb,c) (IXb,¢)

Compounds (IXb, c¢) probably result from the decarboxylation of the appropriate a,a—
dibromo=f-ketoacids, which are formed when the reaction mixture is treated with water.
This indicates that compounds (IITb, ¢) react with PCls via the ester group.

Compounds (IV) and (V) may exist in four isomeric forms:

X X X X
Ry | OMe Cl | OMe Ry | 0O Cl | ¢}
oYy YL YT
|
¢ oo Ry Cl OMe Ry OMe
cis -g-cis ¥ trans-$- cis cis-s- rans trans -S-trams

*At X = Cl the given isomer designatiens do not conform to the IUPAC rules; we have used

them only to preserve the unity of the nomenclature in comparing isomers of compounds (TIV)
and (V).
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TABLE 4. Determining the Isomeric Composition of Compound
C QF g_‘CC:L: CH"‘CO 2Me

Calculated Hypothetical isomer content of mixture,
djpole mo- % Pby variant
Jsomer ment of ]
isomer, D 1 2 3 &
cis~s=cis 3.88 1 18 71 18
cis-s=trans 1,07 18 71 18 71
trans=s~trans 0,92 11 11 -~ -
trans-s-cis 4,50 - - 11 11
Calculated dipole 3,32 1,90 3.62 2,40
moment of mixtwre,
D

Thus we may anticipate the appearance of four carbonyl bands in their IR spectra. The
experimental spectra of these compounds have two or three bands, Their PMR spectra have two
or three sets of proton signals of methine and ester groups (Table 3), corresponding to
geometric as well as conformational isomers.

Based on the data in [2, 5], we assigned the geometric isomer signals proceeding from
the fact that in the PMR spectra both the methine and ester group proton signals of the cis
isomer lie downfield to those of the trans isomer, whereas in the IR spectra the carbonyl
group frequency of the cis isomer is-greater than that of the trans isomer. However, when
conformers are present in esters (IV) and (V), their assignment on the basis of IR and PMR
spectra becomes difficult, since it is impossible to distinguish cisoid and transoid iso-
mers. In these cases the isomers were identified by-using a combination of spectral data
and the measured dipole moments of the compounds according to the following scheme: 1) the
isomer content (in %) was evaluated from the integral intensities of the signals in the PMR
spectra; 2} the content (in7%) of geometric isomers, i.e. % cis-s-cis and cis~s~trans and 7% trans-
s-cis and trans-s-trans, was evaluated from the carbonyl band intensities in the IR spectra (see
Table 3); 3) a hypothetical isomer composition was determined using the geometric isomer
assignment rules [2, 5]; 4) the dipole moments of all possible isomers were calculated;
from this the dipole moment of the mixture with the hypothetical isomer composition was
calculated and -then compared with the experimentally obtained dipole moment. The dipole
moments of cisoid and transoid conformers, in cis as well as in trans isomers, differ signi-
ficantly [by 3-4 D for compound (IV), and by 2-3 D for compound (V)]. Therefore, the struc-
ture of the prevalent isomer can be determined unequivocally. Thus, for example, for com-
pound (IVc) the Isomer ratio found from the signal ratio in the PMR spectra is 71, 18, and
11%. According to [2, 5], the 71% isomer should be assigned a cis configuration (methine
proton signal in the weakest field), and ‘the 117 isomer should have the trans form.

The IR spectrum shows that the mixture contains 90% of the cis isomer. Therefore,
four isomer assignment variants may be inferred (Table 4). The experimentally determined
dipole moment of the mixture (Uexpt) was 3.39 -D; thus the cis~s—cis isomer is the prevalent
form (71%), with the realization of variant 1. The isomeric composition of ‘the other com-
pounds was determined in a similar manner. The results (see Table 3) show that the cis-s-
cis isomer is the prevalent form in compounds ¢(IVb, c¢), which have perfluorinated substi-
tuents; the fraction of the cis-s~cis isomer increases with an increase in the Ry
length. In compounds with a terminal hydrogen atom in the fluoroalkyl substituent,
the cis-s~trans isomer (IVa, d) is the prevalent form (see Table 3). 1In compounds (V) the
cis~-s-ecis isomer is the prevalent form regardless of the type of fluoroalkyl substituent.
In nonfluorinated B=-chloro-]2, 3] and a,B-dichlorocrotonic esters [4], the trans isomer is
the prevalent form.

EXPERIMENTAL

IR spectra of the compounds (1% solutions in CCl.) were recorded on an UR-20 spectro-
meter. PMR spectra (in CDCls, TMS standard) were obtained on a Tesla BS-567 A (100 MHz)
instrument. GLC was carried out on a LKhM~72 chromatograph (carrier gas: Hhelium; katharo-
meter detector; steel column,.2 m X 4 mm, packed with 57 N-AW-DMCS, Silicone SE-30: column
temperature, 150°C). Experimental dipole moments were determined in benzene at 25 * 0.1°C
on a Tangens—2M instrument at a frequency of 1 MHz. In calculating‘dipole moments according
to the vector scheme, group dipole moment values were used [7]. Fluoroalkyl a-chloro~ and
aya-dibromo-B-ketoesters (II) and (III) were obtained according to {8]; dibromomethyl fluoro-
alkyl ketones (IX) were obtained according to [9].
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6,6-Dibromo-1,1,1,2,2,3,3,4,4-nonafluorohexanone-5 (IXc). Yield, 70%; bp, 60°C (20 mm).
Found (%Z): € 17.10, H 0.43, Br 38.0, F 40.3 (CeHBr2Fs0); Calculated (%): C 17.12, H 0.24,
Br 37.97, F 40.86. IR spectrum (v, cm~'): 1770 (C=0). PMR spectrum (5, ppm): 6.25 s (1H,
CHBrz) .

B-Fluorcalkyl o,B~Unsaturated a-X-B-Chlorocarbonic Acid Esters (X = H, CL) (Qv), (V).
An 11.5-g (55 mmole) portion of PCls in 100 ml CCl, was placed in a flask fitted with a mixer
and a reflux condenser. The mixture was heated to boiling, with mixing, and after 0.5 h 50
mmoles of B-ketoester (1), (II) was added dropwise. The mixture was boiled, with mixing, for
6-12 h. It was then cooled and poured over crushed ice. The organic layer was washed with
water, saturated Na,COs; solution, then again with water (alkaline medium), and then with
saturated NaCl solution. The material was dried over MgS0,, the CCl, was evaporated, and
esters (IV), (V) were distilled (see Table 1).

A 50-mmole portion of B-ketdester (VI) copper chelate in 200 ml CCl, was placed in a
flask fitted with a mixer and reflux condenser; the solution was heated to boiling. After
0.5 h, finely ground PCls (75 mmoles) was added. The mixture was boiled, with mixing, for
6 h, then cooled, and filtered to remove CuCl.. The filtrate was poured over ice and treated
as described above.

Fluoroalkyl o,B-Unsaturated a-X-B-Chlorocarbonic acids (VII), (VIEI). A 150-mmole
portion of PCls in 100 ml CCl, was placed in a flask fitted with a mixer and a reflux con-
denser; the mixture was heated to boiling, with mixing. After 0.5 h, 50 mmoles of B-keto-
ester (I), (II) was added dropwise, and boiling continued for 36-48 h. The mixture then was
cooled, poured over crushed ice, and extracted with chloroform. The organic layer was
separated, extracted with saturated Na.COs; solution, and washed with water and saturated
NaCl solution. Esters (IV), (V) were obtained as described above. The soda extract was
acidified to a weakly acid pH and extracted twice with ether. The pooled ether extract was
dried over MgS0O,, the ether was evaporated, and acids (VII), (VIII) were distilled (see
Table 1).

Reaction of Fluoroalkyl a,a<Dibromo-B-ketoester (II) with PCls. A mixture of 50 mmoles
of compound (III) and 150 mmoles of finely ground PCls in 100 ml CCl, was placed in a 500-ml
steel autoclave and heated for 3 days at 200°C. The autoclave contents were poured over
ice and then washed with saturated Na,C0Os; solution, water, and saturated NaCl solution.
The material was dried over MgSO, and evaporated. Fluoroalkyl dibromomethyl ketones (IX)
were identified by GLC and by IR and PMR spectra (by comparison with known samples).

CONCLUSIONS

1. TFluorine-containing B-ketoesters and their a-chloro derivatives form fluorinated
B-chloro- and a,B-dichlorocrotonic esters, respectively, when boiled with PCls in benzene,
chloroform, and carbon tetrachloride. In POCls the ester group also participates in the re-
action. In this case the fluoroalkyl B-ketoesters are chlorinated in the a-position.

2. At 200°C a,a-dibromo-B-ketoesters react withPCls via the ester group to form dibromo-
methyl fluoroalkyl ketones.

3. Fluorine-containing B-chlorocrotonic esters with perfluorinated substituents exist
primarily as cis—s-cis isomers. The presence of a terminal hydrogen in the fluorinated sub-
stituent leads to a prevalence of the cis-s-trans isomer. The cis-s-cis isomer is the pre-
valent form in fluorine-containing a,B-dichlorocrotonic esters.
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